Inhibition of growth and differentiation of osteoprogenitors in mouse bone marrow stromal cell cultures by increased donor age and glucocorticoid treatment.
Primary cultures of bone marrow stromal cells (BMSC) from long bones of young (4-5 months) and old (22-25 months) C57BL/6 male mice were used to study how donor age affects growth and differentiation of osteoblasts and their sensitivity to dexamethasone (DEX). We assessed changes in the number and area of alkaline phosphatase-positive bone-forming osteolastic colonies (CFU-ALP) and in the total number of colonies (CFU-F) that include ALP negative colonies. Cell proliferation and apoptosis, specific activity of ALP, were also measured for growth and differentiation. We found that the number of nucleated cells harvested from old mice was significantly higher (approximately 20% more) than that from young mice. However, the number of colonies formed by old cells was fewer and the total area less than those formed by young cells plated at the same density. Young and old cells responded similarly to DEX showing a dose-dependent decrease in colony number and area with more inhibition for area than number. DEX affected CFU-ALP more than CFU-F indicating a greater inhibition for osteoprogenitor cells than other cell types. Inhibition of cell attachment at early culture was the major cause for the DEX reduction of colony number and the major cause of area reduction was inhibition of cell proliferation. This was demonstrated by a severe dose-dependent lowering of bromodeoxyuridine (BrdU) incorporation to less than 40% of the control. Although the number of apoptotic cells in the DEX-treated cultures was higher, apoptosis was not a major factor since the number of apoptotic cells was less than 5% even with DEX treatment. Despite these negative effects on colony number and size, DEX-enhanced osteoblastic differentiation activity by stimulating ALP activity of the colonies up to 25-fold in the young and 5-fold in the old. Our data suggest that increased age lowered the number of osteoprogenitor cells and their growth in BMSC cultures. DEX decreased the attachment and proliferation of BMSC in culture. These changes reflect age-related and glucocorticoid-induced osteopenia. Mouse BMSC cultures therefore may serve as a useful in vitro model to study the mechanisms of type II osteoporosis.